Introduction
Photonic Crystal (PhC) based devices are being increasingly used in multifunctional, compact devices in integrated optical communication systems. They provide excellent controllability of light, yet maintaining the small size required for miniaturization. In [1] the silicon waveguide structures are investigated. Two structures that can be used in mid-and long-wave infrared regions: free standing and hollow core omnidirectional waveguides are investigated in [1] .
The photonic crystals could be investigated by different methods. Thus the dielectric and metallic photonic crystals comprising the liquid crystal materials as defect layers or elements are investigated by the Finite Difference Time Domain method in [2] .
There is a very limited amount of sources presenting the full electrodynamical analysis of the photonic and analogical structures [3] [4] [5] .
Here we present the investigation of the photonic periodic waveguide structures using the Singular Integral Equations' Method. Our periodical waveguides consist of open (without metal screen) rectangular n-Si strip with rectangular holes inside it. We have investigated three kinds of waveguides which contain seven, five and three holes that are located throughout the entire length of the waveguide. It should be mentioned that we have used the complex permittivity of the material. The imaginary part of the permittivity depends upon frequency by this way
where ρ -is the specific electrical resistance, f -frequency. The complex propagation constants have been calculated by the Muller's method in [6] .
The Singular Integral Equations Method
Our investigated periodic waveguides crosssections planes consist of the eight, six and four contours L. The expressions of all the electric field components which satisfy the boundary conditions by all the waveguide contours dividing the different waveguide materials are presented below. We apply the Krylov-Bogoliubov method whereby the contour L is divided into n segments and the integration along a contour L is replaced by a sum of integrals over the segments j=1…n [6] . The expressions of all electric field components for the area S + (the inner area of counter L) and S -(the outer area of counter L) are presented below:
, (7) here e j μ (s ) and h j μ (s ) are functions at the same contour point are different for the field components in the areas S + and S -, i.e.
Hankel function of the zeroth order and of the second kind, Here h = h' -ih" is the complex propagation constant where h' is the phase constant and  h is the attenuation constant (waveguide losses). The magnitude k is the wave number in a vacuum. The segment of the contour L is ΔL=L/n, where the limits of integration in the formulae (2-7) are the ends of the segment ΔL. The angle θ is equal to g·90° with g from 1 till 4, if the contour of the waveguide crosssection is a rectangular one, as a result can be cos θ=±1 and sin θ=±1 in the formulae (4-7).
We can obtain the transversal components of the magnetic field H x and H y using SIE method in the form analogical formulae (2-7).
After we know all EM wave component representations in the integral form we substitute the component representations to the boundary conditions. We obtain the homogeneous algebraic equations' system with the unknowns
. The condition of solvability is obtained by equalizing the determinant of the complex system to zero. The roots of the system let us to determine the complex propagation constants of the main and higher modes of the waveguide. For finding the complex roots of the complex determinant we have used the Müller's method. Müller's method uses 3 initial guesses x 0 , x 1 , x 2 and determines the intersection with the x axis of a parabola. Note that this is done by finding the root of an explicit quadratic equation. After obtaining the propagation constant of some required mode the determination of the electric and magnetic fields of the mode becomes possible. For the correct formulated problem [7] the solution is one-valued and stable with respect to small changes of the coefficients and the contour form [8] .
The approbation of the computer softwares
We have created the computer software based on the method SIE in the MATLAB language. This software let us calculate the dispersion characteristics of waveguides with very complicated shapes of cross-sections. The computer software was approbated by comparison with data of different published sources, for example, the dispersion characteristics of the rectangular dielectric waveguide [9] and the dielectric waveguide with the metal strip line [8] . In Fig. 1 the dispersion characteristics of the open rectangular dielectric waveguide with sizes of its sides (15x5)·10 -3 m and the waveguide material permittivity equal to 2.06 are presented. We see the main mode and three higher modes that can propagate in the dielectric waveguide. Our calculations are the solid lines and the results from [9] are presented with points. Fig. 1 . Comparison of the dispersion characteristics of the rectangular dielectric waveguide calculated by presented here SIE algorithm and data from [9] In Fig. 2 m. The permittivity of the microstrip line substrata is 11.8. Our calculations are shown with dots (the main mode), with triangles (the first higher mode) and with circles (the second higher mode). In Fig. 2 the data from the book [8] is shown by the solid line (the main mode), dashed line (the first higher mode), dash-dotted line (the second higher mode). 
Fig. 2.
Comparison of the dielectric waveguide with the metal strip line dispersion characteristics calculated by presented here SIE algorithm and data from [8] The difference between our results and data from the book [8] , page 195 can be explained by the following way. The presented articles calculations were fulfilled in the MATLAB language with a high-level precision in the contrast to the lower accuracy FORTRAN77 that was used in [6] .
In Fig. 1 and Fig. 2 we can see that an agreement of the compared results is good. This confirms the correctness of algorithm proposed in this work.
The investigation of the periodic n-Si waveguide structure
Here we present the investigations of the 2D periodic n-Si waveguide structure with the plot of the cross section equal to 5x5 mm 2 (see Fig. 3 ). All the sizes, indicated in the figure can be chosen arbitrary and are the independent variables from each other. mm , where n can be till seven in our calculations. The real part of the complex permittivity of the base waveguide semiconductor material n-Si is equal to 11.8. The imaginary part of the complex permittivity is calculated using the formulae (1). The specific resistance ρ is 100 Ω·m.
The dispersion characteristics of the investigated waveguide structure are presented in Fig. 4 and 5. The dispersion characteristics were calculated when the number of the holes is different (7, 5, 3 In Fig. 4 the dispersion characteristics of n-Si waveguide when the holes are located symmetrically correspondingly to the top and bottom of waveguide crosssection are shown. In this case the dimensions are equal to
In Fig. 4 we see that there are peaks of maximum at some frequencies (f = 40 GHz) for waveguides with three, five and seven holes. The largest losses are observed for the waveguide with 5 holes at f = 40 GHz. Thus we can add the air holes in the waveguide cross-section in order to reach the suitable characteristics for creating of some devices as filters, absorbers, modulators etc. In other words we can carry out the optimization of waveguide characteristics.
In Fig. 5 we present the dispersion characteristics of the photonic crystal with air holes shifted in the vertical direction. At this case the vertical distances of holes from the top and bottom of the n-Si substrate are equal to d 3 =3.5 mm, d 5 = 0.5 mm.
Comparing Fig. 4 and fig. 5 we see that the normalized propagation constants  h /k of the both structures are approximately at the same range from 2.8 till 3.3. 
